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| detector mechanics and support structures

-

Y EduarddBarociol Improvementsn Detectormechanicsneedin-depthstudy of thermaland mechanicaloading conditionsto havemore
Integrateadesignconceptshatsaveon materialbudgetsandoptimize performanceParticledetectorsat future colliders
rely on ever more lightweight and radiatiorrhard chargedparticle tracking devices,which are supportedby structures £
manufacturedrom compositematerials This posterlays out engineeringechniguesbleto solvechallengegelatedto |
Andreasjung the designand manufacturingof future supportstructures Novel manufacturingmethodslike Extrusion Deposition

* Composites Manufacturing and SimulationAdditive Manufacturing (EDAM) along with associatedsimulation tools like Additive3D for prediction of part
center, Purdue University . productionand performanceare highlightedwith casestudiesfrom the High-Luminosity PhaseJpgradeprojectfor the

2 Graduate Student, School of Aeronautics

Astronautics, Purdue University CMS detector Methodologyfor manufacturingof integratedsupportstructuresusing simulationtools like COMPRO
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Figurel: Preliminary result on
fractional contribution of mechanics
structures at FCC like detectors. The
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study follows a basic tracker designz-

Need +
1. Future high energy physics

accelerators POSE extreme

requirements on the detectors

surroundinghe interactionpoints

Detector mechanics contribute to
G H W H b&ifdRruafidé, thus warrant
an In-depth study of total mass,and
the correspondingsearch for novel
waysto reducethetotal mass

/ Figure3: State of the art composite design methodology followed in the context of
the CMS detector upgrades allows for manufactucmmgplexpartsto the strict
toleranceenforcedby the physicsrequirement$rom supportstructuresThis allows
for prediction of the composite shape under various thermal, radiation and
' mechanical loading conditions.

simulation workflow for composite part and performance analisibrid process
combining additive manufacturing and compression molding for furistional structures.

- ushrut.Rajendra.Karmarkar@cern.ch — from ConvergentManufacturingTechnologiess showcasedor lightweight and highly thermally conductivesupport
structuredor future trackingdetectors Examplesof currentefforts at PurdueUniversity relatedto the high-luminosity

et o Wiaah L upgradeof the CMS detectorare providedto demonstratéhe prospectf suggestedpproachesor detectorsat new
- colliders a future circular collider or a muon collider. Specificgeometricand designconsiderationgor the proposed

CMS Inner TrackerRails are discussedo illustrate advantagesnd constraintdor additively manufacturedstructures
Theapplicability, benefits,andusesof this techniqugo replaceconventionatooling methodologie$or compositdayup
partmanufacturincarealsohighlighted
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Figure 2: The temperature difference between the hottest point on the chip aodldm as
function of the thermal conductivities of different layers of the hypothetiggbort structure used
In current CMS detectoEEA simulation results are used to determineftimetional formof the
temperature dependence of the various materials. The shadeddyaedsnt thempact of a
+ P WKLFNQHVYV YDULDW L krfagel. IntelgrateinDridveReivhaH S R |
managemergolutionswill beneededor the higherenergylevelsin futuredetectors.

Figure4: Multi-functional multtprocess end to end analysis flow chart for process and
performance metrics Is presented for future detector mechanics.

Conclusion £Developmentof structural,lightweight, and highly thermally
conductive compositetracking detector support structuresand simulation
Figure 5 EDAM used for CMS highuminosity phase upgrade structures and Additive 3[&apab|“t|es‘for part and performance*netnceS to reducethe rac“a“onlength

perlayer of a silicon detectorat future experimentdgrom the current~2%
toalevelof ~1% : 4Is presented

Instrumentatiorkrontier(precisionsupportstructuresandcooling).

Additive 3D Simulation Workflow
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